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Abstract
The	micromorphological	examination	of	bone	samples	seems	to	play	a	more	and	more	important	
role	in	species	differentiation.	The	present	paper	shows	some	distinctive	features	of	the	compact	bone	
samples	 in	 sheep	 (Ovis aries),	 goat	 (Capra hircus)	 and	 roe	 deer	 (Capreolus capreolus)	 in	 respect	 of	
secondary	osteonal	morphometrical	data.The	method	has	its	potential	revealing	significant	differences,	
but	it	also	has	some	limitations	as	well. The	most	suitable	measurements	for	species	differentiation	seem	
to	be	the	secondary	osteonal	area	and	perimeter.	The	metrical	data	of	maximal	and	minimal	secondary	
osteonal	units	seem	to	less	as	reliable	than	the	other	sets.
Key words
sheep, goat, roe deer, bone, quantitative morphometry, forensic, histology, statistical assessment
INTRODUCTION
Anatomists	 often	 have	 to	make	 a	 clear	 deli-
mitation	 between	 bone	 fragments	 attributed	 to	
the	generic	group	of	capriovids	as	 the	 fragments	
usually	 come	 from	 various	 locations:	 from	
archaeological	 diggings,	 from	 animal	 carcasses	
slaughtered	or	hunted	etc,	so	a	clear	identification	
of	them	is	more	than	necessary.
The	specific	identification	passes	through	the	
macroscopic	 identification-	sometimes	helped	by	
clear	 morphological	 elements,	 but	 several	 times	
we	have	to	deal	with	osteometrical	methods	that	
can	 be	 a	 helping	 tool	 in	 the	 assessment	 of	 one	
or	 another	 species.	 The	 osteometric	 evaluation-	
based	 on	 mathematical	 formulae	 and	 calculated	
indexes-	 might	 be	 helpful	 in	 related	 species	
identification	 and	 gender	 separation,	 mainly	 by	
means	of	graphical	representations.	
A	new	approach	 refers	 to	 the	micromorpho-
metric	 assessment	 of	 the	 bone	 fragments,	 a	me-
thod	that	calls	on	the	bone	histological	data	for	the	
separation	 of	 species	 (Enlow	 and	 Brown,	 1956,	
1957,	1958).	This	above-mentioned	method	may	
be	 divided	 in	 two	 components:	 the	 qualitative	
component,	 dealing	 with	 the	 evaluation	 of	 the	
spatial	arrangements	of	the	bone	tissue	(Cuijpers	
and	 Lauwerier,	 2008;	 Cuijpers,	 2006,	 2009a,	
2009b;	 Horni	 and	 Menshforth,	 2002;	 Jowsey,	
1966;	Locke,	2004;	Mainland	et al.,	2007;	Pyszko	
et al.,	 2013;	 Rajtova	 et al.,	 1995;	 Zedda	 et al.,	
2008);	and	the	quantitative	component	that	deals	
with	 measurements	 and	 assessments	 on	 the	
osteonic	 structures	 (Martiniakova	 et al.,	 2006a;	
Martiniakova	 et al.,	 2006b;	 	 Martiniakova	 et al.,	
2006c).	This	last	component	is	the	one	that	we	are	
focusing	on	in	this	present	paper,	trying	to	see	its	
potential	of	it	as	complementary	method.
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Fig. 1. Secondary osteons and measurements of the majour and minor axis. 
Osteon Banding (sheep, 20x-original)
MATERIALS AND METHODS
The	studied	material	 is	 represented	by	bone	
samples	 originating	 from	 the	 above-mentioned	
three	 species-	 sheep	 (3	 individuals),	 goat	 (4	
individuals)	 and	 roe	 deer	 (4	 individuals).	 The	
samples	were	randomly	harvested	from	humeral,	
metacarpal,	 femural	 and	 metatarsal	 level, from	
specimens	 found	 in	 the	 comparative	 collection	
of	 the	 Anatomy	 Department	 from	 the	 Faculty	
of	 Veterinary	 Medicine	 Cluj	 Napoca,	 Romania	
originating	from	individuals	with	known	age	and	
sex.	The	specimens	were	cut	using	a	handsaw	from	
the	mid-diaphyseal	parts	of	the	above-mentioned	
bones.	The	perpendicularly-cut	pieces	were	hand-
ground	up	 to	 a	width	 of	 2-3	mm	on	 sandpapers	
with	different	grits.	The	pieces	were	then	mounted	
on	 a	 gripping	 device	 (Frost’s	 gripping	 device)	
(Maat	et al.,	2001;	Paral	et al.,	2007;	Pyszko	et al.,	
2013)and	 ground	 to	 transparency.	 The	 resulted	
pieces	were	mounted	on	regular	slides	by	means	
of	 usual	 mounting	 media.	 No	 staining	 methods	
were	used	as	the	pieces	were	examined	in	normal	
light	on	regular	microscope.	The	attached	camera	
with	 scale	 (Olympus	 BX14	 and	 Olympus	 UC30	
digital	 camera)	 with	 Stream	 Basic	 software	 was	
used	in	order	to	obtain	digital	images	on	which	we	
made	measurements	by	means	of	ImageJ	software	
(R.W.	ImageJ,	ImageJ	1.46)
We	collected	images	of	secondary	osteons	and	
primary	 osteons.	 The	 metrical	 data	 obtained	 in	
case	of	secondary	osteonal	units	(area,	perimeter,	
maximal	 and	 minimal	 diameters)	 was	 used	 for	
statistical	 assessment.	 The	 number	 of	measured	
units	passes	over	300.	The	statistical	test	performed	
focused	on	POST-Hoc	tests,	comparing	the	means	
in	order	 to	highlight	 statistical	differences	 found	
in	 case	 of	 the	 bone	 tissue	 of	 the	 three	 species.	
The	 statistical	 analysis	 of	 the	 collected	 data	was	
performed	 using	 One-way	 ANOVA,	 followed	 by	
Bonferroni’s	 Multiple	 Comparison	 Test,	 where	
there	were	more	 than	 two	groups	of	data.	When	
a	 comparison	 between	 two	 groups	 of	 data	 was	
required,	Unpaired	t-test	with	Welch’s	correction	
was	computed.	The	significance	 level	was	set	 for	
a	P<0.05.
RESULTS AND DISCUSSIONS
The	 collected	morphometrical	 data	 (mean	 ±	
standard	deviation)	for	the	forelimb	bone	samples	
is	shown	in	the	following	table.
GUDEA	et al
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Micro	morphological	Quantitative	Assessment	of	Sheep	(Ovis aries),	Goat	(Capra hircus)	
As	one	can	notice,	there	is	a	close	resemblance	
of	data	 in	case	of	 the	secondary	osteonal	area	 in	
the	 assessed	 forelimb	 bones	 for	 roe	 deer	 and	
sheep,	while	values	for	goat	are	significantly	lower	
(20-30%).The	 situation	 seems	 to	 be	 repeated	
in	 case	 of	 the	 perimeters,	minimal	 and	maximal	
diameters	 of	 the	 secondary	 osteonal	 units,	 with	
values	smaller	with	10-20%	for	the	same	species-	
goat.	 Comparison	with	 literature	 data	 (very	 few	
published	 in	 fact)	 shows	 different	 values	 in	 the	
paper	of	Dittman	(Dittmann,	2003)	(that	computed	
radius	 and	matacarpal	 samples)	 with	 an	 almost	
reversed	situation	as	far	as	values	are	concerned	
in	 sheep	 and	 goat	 (with	 very	 low	 values	 when	
compared	 to	ours)	while	Martiniakova	 	provides	
similar	 values	 for	 sheep	 in	 4	 succeeding	 papers	
(Martiniakova	 et al.,	 2007;	 Martiniakova	 et al.,	
Tab. 1	Results	of	the	quantitative	histological	analysis-hindlimb
Forelimb bones Capreolus capreolus Capra hircus Ovis aries
Secondary	osteon	area	(µm²) 18280±10850 10150±8558 16980±6941
Secondary	osteonal	perimeter	(µm) 466.5±138.2 302.8±201.8 456.4±109.1
Secondary	osteon-major	axis	(µm) 165.5±50.23 108.3±72.74 163.2±39.81
Secondary	osteon-minor	axis	(µm) 129.7±37.98 83.08±55.41 125.7±30.35
2006a;	 Martiniakova	 et al.,	 2006b;	 Martiniakova	
et al.,	 2006c),	 but	higher	 than	ours.	Under	 these	
circumstances,	 further	 measurements	 and	
detailed	assessments	seem	to	be	needed	in	order	
to	establish	some	kind	of	a	standard	value	 for	at	
least	one	of	the	species.
The	results	of	the	POST-HOC	tests	performed	
on	 the	 value	 series	 of	 the	 forelimb	 elements	 are	
shown	in	Table	2.	
The	 statistical	 tests	 point	 constantly	 to	 the	
same	sets	of	pairs	as	being	statistically	differently.	
The Capreollus capreollus	 vs	 Capra hircus	 and	
Capra hircus-Ovis aries	pairs	are	the	ones	identified	
by	our	tests.	These	values	seem	to	resonate	partly	
with	 the	 values	 we	 obtained	 in	 an	 earlier	 study	
that	 dealt	 with	 humeral	 fragments	 only	 (Gudea	
and	Stefan,	2013).	
Tab. 2 POST HOC tests-forelimb bone fragments
Forelimb bones
Bonferroni’s	Multiple	
Comparison	Test
Mean	Diff. t Significance
Area- secondary osteon
CC	vs	CH 8132 7.116 ***;	P<0.001
CC	vs	OA 1305 0.8789 ns;	P>0.05
CH	vs	OA -6827 5.075 ***;	P<0.001
Perimeter- secondary 
osteon
CC	vs	CH 163.8 7.468 ***;	P<0.001
CC	vs	OA 10.11 0.3552 ns;	P>0.05
CH	vs	OA -153.6 5.952 ***;	P<0.001
Maximum diameter-
secondary osteon
CC	vs	CH 57.15 7.214 ***;	P<0.001
CC	vs	OA 2.32 0.2254 ns;	P>0.05
CH	vs	OA -54.83 5.879 ***;	P<0.001
Minimum diameter-
secondary osteon
CC	vs	CH 46.65 7.742 ***;	P<0.001
CC	vs	OA 4.086 0.5221 ns;	P>0.05
CH	vs	OA -42.57 6 ***;	P<0.001
*** extremely significance,	** very significant,	*significant,	ns - non significant
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Tab. 3 Results	of	the	quantitative	histological	analysis	-	hindlimb
Hindlimb bones Capreolus capreolus Capra hircus Ovis aries
Secondary	osteon	area	(µm²) 19880±7141 20270±5423 15410±5308
Secondary	osteonal	perimeter	(µm) 500.5±91.99 510±70.57 440.9±79.36
Secondar	osteon-major	axis	(µm) 172.4±	36.22 179.1±26.96 159.5±29.99
Secondary	osteon-minor	axis	(µm) 143±23.97 141.9±20.88 119.5±22.07
Values	 for	 Capra hircus	 were	 recorded	 as	
being	 placed	 in	 the	 14000-16000	 µm²	 interval,	
much	closer	to	the	ones	obtained	here.	The	values	
for	 the	 secondary	 osteonal	 perimeter	 are	 quite	
similar,	with	the	exception	of	Capra hircus values,	
that	 seem,	again	 in	 this	 study,	a	 little	 lower	 than	
the	 previous	 ones	 (10%	 -20%	 generally).	 The	
same	 applies	 for	 the	 values	 of	 the	 minimal	 and	
maximal	 secondary	 osteonal	 diameters.	 The	 va-
lues	 obtained	 for	 hindlimb	 bone	 fragments	 are	
summarized	in	Table	3.
The	collected	data	seem	to	be	similar	with	the	
one	 that	we	 provided	 for	 the	 forelimb	 elements.	
The Capreollus capreollus values	 are	 similar	
as	 far	 as	 area	 and	 perimeter	 of	 the	 secondary	
osteon	 is	 concerned,	 the	 values	 for	 the	 minor	
axis	being	lower	for	the	hindlimb	bone	elements.	
The	 discrepancy	 for	 the	 data	 of	 the	 secondary	
osteonal	 area	 in	 case	 of	 the	 goat	 (Capra hircus)	
specimens	 has	 to	 be	 noted	 and,	 for	 sure,	 needs	
further	extension	of	the	collected	data	in	order	to	
check	the	source	of	error,	especially	due	to	the	fact	
that	 hindlimb	 data	 show	 values	 that	 are	 placed	
apparently	 in	 “normal”	 limits	 (also	 the	 standard	
de	viation	figures	suggest	that).	The	similar	situa-
tion,	but	not	as	acute	as	the	previous	one,	is	to	be	
noted	 in	 the	 case	 of	 other	 biased	 items.	 Values	
for	Ovis aries	 specimens	 are	 very	 similar	 in	 case	
of	both	limb	specimens.	Values	of	area,	perimeter,	
maximal	and	minimal	diameters	do	not	vary	that	
much,	being,	in	all	situations,	less	than	5%	higher	
(in	terms	of	average	values).	The	comparative	data	
we	have	regarding	the	hindlimb	bone	are	absent,	
so	the	only	sets	that	we	can	work	on	are	the	ones	
presented	here.
The	statistical	approach	for	the	hindlimb	bo-
nes	generated	the	following	results:
Tab. 4 POST HOC tests-hindlimb bone fragments
Hindlimb bones Bonferroni’s	Multiple	Comparison	Test Mean	Diff. t Significance
Area- 
secondary osteon
CC	vs	CH -394.6 0.2493 ns;	P>0.05
CC	vs	OA 4472 3.544 **;	P<0.01
CH	vs	OA 4866 3.064 **;	P<0.01
Perimeter- 
secondary osteon
CC	vs	CH -9.494 0.4424 ns;	P>0.05
CC	vs	OA 59.61 3.485 **;	P<0.01
CH	vs	OA 69.1 3.209 **;	P<0.01
Maximum diameter- 
secondary osteon
CC	vs	CH -6.695 0.8072 ns;	P>0.05
CC	vs	OA 12.94 1.957 ns;	P>0.05
CH	vs	OA 19.63 2.359 ns;	P>0.05
Minimum diameter- 
secondary osteon
CC	vs	CH 1.129 0.1935 ns;	P>0.05
CC	vs	OA 23.51 5.056 ***;	P<0.001
CH	vs	OA 22.38 3.824 ***;	P<0.001
*** extremely significance,	** very significant,	*significant,	ns - non significant
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Tab. 5 Results of the statistical assessment forelimb vs hindimb metrical data
Forelimb	vs.	Hindlimb
Capreolus capreolus Capra hircus Ovis aries
Aria ns;	P>0.05 ***;	P<0.001 ns;	P>0.05
Perimeter ns;	P>0.05 ***;	P<0.001 ns;	P>0.05
Major diameter ns;	P>0.05 ***;	P<0.001 ns;	P>0.05
Minor diameter *;	P<0.05 ***;	P<0.001 ns;	P>0.05
*** extremely significance,	** very significant,	*significant,	ns - non significant
According to the obtained values, there is a 
moderate degree of differentiation for the same pairs 
in case of osteonal area and perimeter- the Capreollus 
vs Ovis and Capra vs Ovis pair, while values for 
Capreollus versus Capra cannot be clearly separated. 
The values computed for the maximal diameter 
seem not to be reliable for a statistical assessment. 
The values for the minimal diameter show a similar 
situation with the one found in case of osteonal area 
and perimeter. Another issue that arose from the 
assessment of the morphometric values was the one 
concerning the differences between the forelimb and 
hindlimb data within species. 
This	issue	came	across	owing	to	the	fact	that	
the	comparative	data	in	the	specialized	literature	
is	scarce,	only	a	limited	number	of	scholars	dealing	
with	 such	data	 (see	 cited	 literature).	As	a	 result,	
we	 tried	 to	compare	 the	value	obtained	 in	order	
to	 confirm	 the	 validity	 of	 our	 data.	 As	 such	 we	
decided	 to	apply	another	 statistical	 test	 in	order	
to	 determine	 if	 the	 two	 sets	 of	 data	 (forelimb	
and	 hindlimb	 measurements)	 differ	 from	 each	
other.	Unpaired	t-test	with	Welch’s	correction	was	
applied	 for	 the	 entire	 set	 of	 secondary	 osteonal	
data	for	each	species	(P<0.05).	
The	computed	data	gives	us	a	clear	perspective	
on	the	validity	of	data.	With	the	exception	of Capra 
hircus data	 (fact	 that	 has	 been	 noticed	 for	 the	
micromorphological	data	in	case	of	the	forelimb),	
the	 figures	 from	 forelimb	 and	 hindlimb	 do	 not	
differ	 too	much,	 giving	 us	 the	 perspective	 of	 the	
uniformity	of	secondary	osteonal	data	within	one	
species	 in	 all	 items	 that	 were	 assessed	 for	 the	
secondary	osteons.
CONCLUSIONS
From	the	morphometrical	investigations	ca	rri-
ed	on	our	samples,	we	can	conclude	the	followings:
The	 investigation	 brings	 to	 light	 a	 new	 set,	
never	 published,	 of	 morphometric	 data	 in	 case	
of	the	studied	species,	data	that	might	be	used	as	
reference	for	further	studies
The	comparison	based	on	statistical	methods	
show	a	certain	potential	of	the	method	for	species	
identification	 or	 assessment.	 The	 secondary	
osteonal	 area	 and	 the	 perimeter	 are	 prone	 to	
statistical	 differentiation	 for	 at	 least	 2	 species,	
Capra	 and	 Ovis.	 The	 values	 computed	 for	 the	
maximal	and	minimal	diameters	seem	not	to	offer	
powerful	differential	data.
The	morphometric	 assessment,	 as	 shown	 in	
this	 study,	 has	 the	potential	 of	 a	 complementary	
tool	 for	 the	 species	 differentiation.	 At	 this	 stage	
it	 is	 impossible	 to	 quantify	 the	 accuracy	 of	 the	
morphometric	assessment	due	to	the	lack	of	refe-
rence	data.	
Also	 we	 endorse	 using	 other	 approaches	 in	
bone	sample	differentiation	(like	fractal	analysis)	
in	order	to	ensure	a	clear	and	reliable	assessment.
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